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RAC

" Procedures have baen developed for praparing purified aluminum-
phosphate-adsorbed, univalen®, bivalent, and pentavalent botulinum toxoids
to immunize man. °11 preparations were wall tolzcated and elicited
so.isfactory antitoxin responses {n man, whether admin{stered as a single
antigen or in coubinstion. Vour separate pentavalent Type ABCDE toxoids
produced {mmune responses to esch antigen in & consideradble proportion of
individuals following en ini=’:! 1srles of three {njections., A booster
injectinn administered one y2uav auc.. . 3 initfal {njection markedly
incressec the antitoxin tit~-- ‘! -sqe rable antitoxin titers were
found in 86 -0 100 per cent of fas inuiviluals {mmunized. The toxolds

wvara antigenic for mice, guinea pigs, arn! rabbits, 1In guinea piga the

saxoice afforded a high lavel of resistance to challenge with toxins
aimiristered by various routes,
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1. INTRODUCTION
| |

Botulism {n human beings 13 a raée digeage., As & result there exlsts
no peed for {mmunizing large nuabers of persons agalnst it, It {s useful,
hovbver, to provide {mmunization for laboratory workers engag.d in studles
lnd‘ébuearch on botulinum tox!ns. The disease cccure world wide! though
its geographic distribution {s irregular.? In some sreas {t has been
& serious problem in domestic animals and in water fowl. The prevalence
among sheep and cattle in Western Austrzlia and smong cattle in South
Africa, which 'ed on toxic carrion, and In domestic mink, fed on improporly
bandled mazmalian or fish feed, warranted ganerulizod lnwunlzat{on of
thess animals ngninlt this diaeane.

Much has been published on the preplration of botullnum toxolds since

the £irst reports by Weinburg and Coy in 1224, and the antigenlcity

of botulinum tosoids prepared in variouss ways has bean demonatrated in
experimental animals by a number of early investigators.*”® The
experimental immunization of man with toxold was reported in 1934 and 1936
by Velikanov.}®’31 Melnik and Starobinetz!? in 1936 showed that an alum-
preciélcated toxoid produced antitoxin in guinca pigs. Preparation of an
effective Type C toxoid for the control of botullsm {n shecp and cartle

ia Australia was described by Beonetes and Hal1'® (n 1938.

Mason,* Sterne,}® and thelr assoclates in South Africa demonatratad
that! mass imnunization of cattle with combined Types C «nd D formal
toxolds effectively and economfcally reduced cattle losses due to bdotulism,
Research was intensified during World War II, and methods for the
preparation of alum-precipitated Types A and B toxoids of high antigenic
value in exgerimental animals and man were developed b 53 and
assoclates’®'37 {n the United States and by Rice et al 8- in Canada.
Prevot and Brygoc®! produced Type C antitoxin in nan by fmamunlzation with
toxold prepared from tuxin extracted from bap:erial cells, Mechods for
the preparation of Type C :oxold for the control or botulism {n domestic
mink®3737 and game birds®3~3® have also been described. Barron and Reed®’
presented a systematic study of methods for preparing crude alum-
precipitated Type E toxold, Crude Type E and Type P toxolds have been
prepared for the immunization of anima%a and the preparation of antitoxins.

Although the bivalent Type AB :oxoﬂd developed and produced at Fort
Detricx during World War II produced satisfactory immunity in mar® as
measured by serum antitoxin concentration, undesirable local and systemic
reactions to injections of the relatively crude antigens were encountered.
Subsequently, procedures for preparing a purified polyvalent toxold of
improved clinical acceptability were investigated Iin our laboratories. 1t
1s my pur;yse today to discuss the developmert of the purified botulinum
toxoids and their evaluation i{n man and laboratory animals. The {nformation
to be 'presented today represents a suwmation of publlshed {nvestigations
carried out in our laboratories by Du.f,°?7°* Wright,®® Gordon,® Fiock,®7-%?
Car2211a,%°"®3 and our associates. A orief outline of the mezhods melo}‘d
in prepar’ng the purified toxins and tokolds will be prosented first
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Following this, data obtained on the assesament in man of unlvalent, bivalen:,
and pentavalent preparativns will be presented. The concluding section of
this report will prosent studies on the efficacy of toxolds, based on
development of antitoxin titer and resistance afforded actively immunized
animals to challenge with toxin by various routas, '

. HOD PREPARATION .

High-potency Types A, B, C, D, and E toxins were produced by prowing
highly t.xigenic strzins of Clostridium hotulinum {a culture media that were
composad of cormercially avatlable constituents. Production methods could
be applied readily on a scale suitable for routine production of a biological.
Toxicity of Type X toxin waas increased 50- to 100-fold by trestacnt with
trypein. The activation procedure allowed attalnment of culture toxicities
of the sams ordsr uf magnitude as those obdtafned with Types A, B, C, and D.
These rasults provide the oxplanation for the low apparent.toxicity of
Type B cultures, an obsorvation that had been difficult to understand in
view of the high mortality assoclated with outbraaks of Type E botullsa.

The five toxins were purifled by chemical mathods that tncluded an inttial
precipication, extraction with calclum chloride, ona or two reprecipications,
and subsequent resolution {nto an appropriats buffer systea., Specific
activity of the purified toxina ranged from 40 x 10° mouse intraperitoneal
LDy (MIPLDy) per milligram of total nitrogen with the Typs C to approxi-
mately 500 x 1¢* MIFLDyg per milligram of N with the Types D toxin.
Ultracentrifugal analysis showed that the Types A and B sedimented ss a aingle
boundary. With Types, €, D, and E, the majJor sedimentinz boundary represented
80 to 90 per cent of the protein concentrotion. The toxins were sterilized

by filtratlon and convertad to toxolds by incubation in the presenca of
formalin. Detoxiflcatfon reactions deviated markedly from firat-ordar

behavior.

Toxin preparations were usually detcxified in the presence of 0.€ per cent
formalin at 35° to 47°C ard pH 5.5 to 6.5 in 15 to 25 days. Al.ihough the
toxins were initially more toxic for mice than for guinea plgs, detoxi-
fication for mice occurred more rapidly than detoxificatiosn for gutrnea pigs.
FPluid toxoids were read{ly absorbed cn aluninum phosphate prepared as
described by Molt®' for diphtherla coxolds. Absorded toxcids were
prepared so that on2 milliliter of final toxold contalned 7 milligrams of
adjuvant. Thimerosal {n a concentration of 0.0l per cent was used a3
preservative. Gentle sc1king for 18 to 24 hours was sufficlent for adsorption
of the toxnids. Safeny testing included tests for the presence of toxin

and standard sterilicy tests.
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Procedures devsloped in our laboratories at Port Detrick were sub-
sequently adapted for large-scale production by Parke, Davis and Company
under the direction of Dr, Henry B, Devlin. Urivalent and polyvalent
preparations of sdaorbed toxoid were produced for experimental use.
Clinfcsl trials with the toxoids have been completed. Toxoids were
administrated in e{ther 0.25- or 0.S-aiflliliter amounts by deep
aubcutaneous inoculation in the deltold regilon., The purified toxolds were
vell tolera.ed end vere conaidered ssatisfactory clinically. Consideradbly
less than one per cent of those {mmunized have shown & mil:l local reaction,

a transient nodule of varying size that persisted for approximately two
weeks,

Individual antigenic re:ponses to botulinum toxoids ware det: mined by
serum neutralization titra ‘ons {n mice, using the univalent Portunt
(British) antitoxins aa p..=ary reference standards, The Porton antlitoxins
wore established ss Intarnational Standards at tha f{fteenth Sess{on of
the Expart Committee on Bioluoglcal Standardizaticn Werld Lralth Organ-
isation, Cenevas, Deceater 1962.%% Purtfled coxins diluted with two
parts glycerine and storad at minus 20°C were standardized againat the
refarence antitoxins.

) A
The units of sacltoxin used for the standacrdlization of the glycerinach

toxins are preserted {n Tadla I, %o neutrailzing capiciting of the uni s
of ths f{ve types of artftoxin were Jifferent, but at t' = lovel of
standardizat’ion each antitoxin neutralized approxi-ir ", 10 LDy of fta
homologous toxin.

|
1
‘u

TABLE I. UNITS 7 ““TITOXIN USED
FOR STANDY ., oo OF TOXIN

\ T Units of Portun Astitoxin

| Tyoe Per Millilsiter

L ' A 0.02 T
‘ 3 0.005

‘ c 0.02

‘ D 0.16

E E 0.0125

1

} * Microbloluglcal Researct Establishment, Porton, England.
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In preliminary experiments, guinea pigs {mmunized with hnivalent tc«olds
and challenged intraperitoneally withstood 1 x 10° to 1 x 1 6‘hIPLD”'s of
homologous toxin; the antitoxin titers fol each type at thc@éima of challange
were approximately two times the lowest mezsgurable titer. The lowest
messurable titers were, thercfore, though someuwhat arbitrarily, aselected as
satisfrctory antitoxin levels.

Serum antitoxin titers of {ndividuils who had recelved botulinum toxoids
were determined at various i{ntervals aftar primary tmmunlzation and agaln
after boostar ilwmunfzation. Efficacy of the toxolds ls gensrally exprecsased
in terms of percentages of individuals developing these or greater titers.

JIT. ASSESSIMENT It MAY

[4

The first studies in man wero carricd out with the univalent Typo A
toxoid containing 10,2 Lf*/ml, Three schedules of lmmunization were {nvesti-
gated: 0, 2, 4, and 6 weeks; 0, 2, and 4 wacks; and 0 and 8 weeks., Tha
groups conafscod of 11 to 35 persone, A single Injection produced a mean-
urable quantity of antitoxin in a few {ndi{viduala. Although the 8-week
fnjection on the 0-3 schedule appeared to have scme boostaring effect, the
0-2-4-6 schedule shoved the highest nusber of persons with measurable titers
at 12 weeks. Toxoids contalning 1.7 and 0.34 Lf/3) did not appear to be as
satiafactory for rapl4 {emunlzatfcn ss the 10.2 Lf toxoild. Booster injection:z
consisting of 0.25 ailliliter of the 10.2 Lf toxoid were glven to all
indlviduals five to seven months after the {ntt{al injection of toxoid.
Satisfactory wntitoxin levels were present in 31l persons one month after the
booster, frrespective of the primary {mmunizacion s~hedule. Although the
reduced Lf toxolds exhidited 3 high booster response, the immunization with
the 10.2 Lf toxold on a 0-2-4-6 week schedule appeared to be most satisfactory
for rapld {mmunization, Available data {ndlcated that with the 10.2 Lf
product, post-booster titers were malntained at a satisfactory level for
at least five years,

Two purified bivalent Type AB to«olds <ontaining 10.2 Lf of Type
A and 16.2 Lf of Type B toxoid per milliliter were also studied in man.
Pour schediles of {mmunilzation were investigated in groups of 25 to 50
ind{viduals with the €irgc blvalent preparation: 0.5-ml doses were glven
subcutaneously at 0 and 8 weeks; C and 10 weeks; 0, 2, and 10 weeks; and
0, 2, 4, and 6 week3s. A 0.5-31 booster dose of toxoid was given cne year
after the inttial injection, except that those with the 0-10 week sachedule
boosters were given afte- ssx months, Serum antitoxin tlters 'of individuals
were determlned ftwo to three weeks after th Initlal serifes and again
elght weeks after the booster.

* The 1.f value of a toxin L3 the neumier of vnits of anditoxin with which
1.0 m! of toxin flucculites Lo he shortest faterval of time.
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The affect of schedule on the primary antitoxin response i{s shown
in Figure 1. The striated bars represent the Type A responsa and the
solid bars repr2sent the Type B reaponse. The graph shows the percentage
of persons that had mecsursble Types A and B titers following initlal
fmmun{zatfon. Numbers in the bars are the weeks after the initial injection
of toxoid,

The percentsaze of indiviacr-is having demonatradle titers following
the initial series of {njectiurs depended upon the immunization schedule.
Injections administered at C, !, and 1( veeks produced the greatest
tesporses, and thia schedule veo: seiected for routine immunization of man.

Although not shown, m«thel boorier responses were obtained {n all
cases irvespective of prloary lmmunization schedule, and a 12-monzh
booster appesred to bde mnre eflective than a six-month booster, Available
data shoved that the Typs . and Type B titers wera maintained at s
satisfactory Jevel for at luisy two years aftar the 52-week booster. These
results indicsted thaz when & raptd, high in.zi{al response is not desired
an 0-8 or 0-10 schedule with a 52-week booster woild be quite satisfactory.

Expari{ments were then couducted to extend obrirvations on univalent
Type A and bi-alent Type 38 ty:0lds to pentavale: = preparations containing
the five purified toxolds in cembination with aluminum phosphate, On
the basia ol exploratory {nvestigazions, two combinationa of the five toxoids

were foraulated.

The composition ¢f the firse pentavalent preparation, referred to as
ASCDE-1, {s thown in Tedle II. Concentrations of Types A, B, and D antigens
are expressed in Lf. Portan antitoxins wera used for the Lf measurcments,
The Type E antigen {n this toxcid wis expressed '  terms of Lf, but
difficulty was cncountered witn the flocculation f the purified Type E
toxins, and {n toxoids G, 7, and 8 the concentrations of Type E are
expresscd In terns of 104 of the purified toxin before detoxification. The
purified Type C toxin did not flocculate; therefore, the concentrations of
all Type C antigens were e pressed In terms of LNy equivalents also. Five
univalent preparations vere also prepared, each of which contalined the
same concentration of antigens as in ABCDE-1. A second pentavalent
preparation, ABCDE-2, contained each toxold at one-fifth the concentration
present in the first. All toxolds contained seven milligrams per ml
of aluainum phosaphate,
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TABLE I1. COMPOSITION OF THE PENTAVALENT TOXOIDS

Type Concentration of Antigen
A 1.7 Lf per al
3 0.54 Lt per ml
c 50,000 LDy equivalents per m}
D 4,0 Lt per =l
B 8.0 Lf per m1 {ABCDE-1)

100,000 LDy equivalents per ml
(ABCLZ-6, -7, and -8)

Seventeen persaons wers {mmunized with the ABCDE-1 toxoid and five
or six persons per type were {mmunized with the univalent control toxolds
on a 0-2-10 week schedule, Individual titers were determined 12 and
52 weeks after the initial injection; boosters were given at 52 weeks, and
titers vere determined efght wesks after the booster injection.

The data obtained 12 weeks after the {nitial {njection and eight weeks
after the booster dose are presented in Table III. Antigenic responses to
all antizens were found 12 weeks after tha Initial injection. .Though not
shown, a considerable drop in titer ocaurred between 12 and 52 weeks., Pifty-
two weeks after the initf{al injection a small percentage had =easuyrable
Types A, B, C, and D titers and 94 per cent had measurable Type E titers.
With the administration of a booster all titers rose above the levels that
had been obtained at 12 weeks. Eight weeks after the booster one
individual immunized with the pentavalent toxoid did not have a measurable
Type B titer; all others had titers to all antigens. The median titers
for each type ranged from 20 to 640 times the lowest measurable level. The
univalent groups were not large enough to make adequate comparlison of the
univalent and pentavalent response; however, statistical analysis by the
rank sum method showed that the ind{vidual responses to the pentavalent
toxoid were generally not sfignificantly different frcm the corresponding
univalent reaponses at either the 12-weck or the B-week post-booster

bleeding.

'
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TABLE III. ANTITOXIC RESPONSE IN MAN TO PENTAVALENT TOXOID ABCDE-1

Per cent with

Bl;:::ng ‘ Type Measurable ' Porton Units Per Ml of Serum
Titers Median Range
A 65 0.05 <0.,02 ~ 0.3
B 82 0.03 <0.005 =~ 0.2
12 weeks c 88 0.2 <0.02 - 1.2
D 67 <0.16 <D.16 - 109
E 94 0.3 <0.0125 - 2.0
A 100 0.6 0.03 =~ 6.4
B 94 0.1 <0.005 - 1.3
8 weeks
post- Cc 100 1.2 0.1 -13.3
booster
p 100 4.0 0.5 -51.2
B 100 8.0 0.3 -80.3

A major obJective of our program was to obtafn a high percentage of
persons with measurable levels of antitoxin after the initial series of
injecriona. Preliminary data indlcated that an increase in time between
the second and third {njection {n the {nitial serles would increase the
percentage of individuals with messurable titers, Three additicnal
pentavalent toxofds were studied simultaneously.
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Groups of 30 persons were {ununizec with ABCDE-6, -7, and -8 on a
0-2-12 week schedule; s 0.5-ml booster was given 52 weeks after the initlal
injection. All {ndividuals were bled 14 and 52 wz2eks after the inftis}
injection and eight weeks after the booster. Antitoxin titers were
determined for each type on each serum.

The percentage of individuals exhibiting mearurable titers two weeks
after completion of the initial seri=s with each of the pentavalent toxoids’
is presented in Table IV. The data obtained with th:y ABCDE-]1 toxold are
also presented for comparison. Two weeks after completiou of the initial
series a large proportion of the individuals had titers to all types regard-
less of the toxoid used. Response to the Type C antigan was excellent in
all preparations and high percentages of {ndividuals had Typ.s A, B, and
E titers. The poorest response was exhibicad with the Type D antigen. The
median titers ranged from less than measurable with the Type D to as high
as 24 times the measvrable level with Type B.

TABLE IV. COMPARATIVE INITIAL RESPONSIS IN MAN TO POUR PENTAVALENT TOXOIDSEI

- ABCDE-1 ABCDE-6 ABCDE-7 ABCDE-8
Type A % Measurable 65 90 97 a1
Median, units/ml 0.05 0.2 0.2 0.03
Type B % Measurable 82 93 80 59
Median units/ml 0.03 0.03 0.02 0.008
Type C % Measurable 88 1co 87 8%
Median, units/ml 0.2 0.} 0.1 0.1
Type D % Measurable 47 79 60 52
Median, units/ml <0.! 0.5 0.5 0.2
Type E % Measurable 94 100 90 63
Median, units/ml 0.3 . 0.2 c.o8 0.02

a. Toxoid 1 - 9, 2, 10 week achedule.
Toxofds 6, 7, and 8 - 0, 2, 12 week schedule,

o

Rt T O T
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The general trend appeared to be toward an increagsed response with the
0-2-12 week schedule and thig was selected for routine immunization.
Although nct shown, all titers declined between 14 and 52 weeks and only a
small portion of the individuals had measurable titers at 52 weeks.

The data obtained eight weeks after the 52-week booster are shown in
Table V. It may be seen that a bcoster given at 52 weeks was very 2ffective
and with toxoids -6, -7, and -8, all except three titers were measurable elght
wveeks after the booster. The median titers and percentages with measurable
titers are summarized here. In all cases the median titers were less than
the mean titers; the means, though not shown, ranged from 1.3- to 5.5-fold
of the medisn titers, After the {nitial serfes medlan titers were 2 to 16
times tho lcwest measurable level; after the booster, they ranged from 10-
to 100-fold the measurable level. Responses after the bouster were similar
to those obtained with toxoid -1,

TABLE V. CCMPARATIVE BOOSTER RESPONSES IN MAN
TO FOUT. PENTAVALENT TOXOIDS

ABCDE-1 ABCDE-6 ABCDE-? ABCDE-8
Type A % Measurable 100 100 100 100
Median, units/al 0.6 2.1 2.1 0.8
Type B % Measurable 94 100 86 94
Medlan, unfts/al . 0.1 - 0.3 Q.2 0.03
Type C % Measurable 100 100 100 100
Median, unfits/al 1.2 1.2 0.8 0.6
Type D % Heasurable 100 100 89 100
Mediin, unfts, sl 4.8 2.4 1.2 2.0
Type £ % Measurable 100 100 1¢o 100
Median, untrs/sl 8.0 1.0 0.2 0.2

0.
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IV. EFFICACY OF TO'.0IDS IN ANIMALS

Throughout the development and evaluation stu.'es, attention was
given to the response of laboratory animals to botulinum toxolds. In
animals estimation of the antigenicity of botulinum antigens is basged
not only on development of serum antitoxin titers, but also on development
of resistance to challenge with tox{n. Titrations carried out in mice
showed the absorbed toxoids to be highly antigenic. Maximum protection
to intraperitoneal challenge was obtained three to five weeks after o
{mmunization. At thic time the Lmmunized animals survived 10> to 1
nouse 1Dy. Addition of the aluminum phosphate adjuvant markedly {ncreased
the ancigenicity of the toxoids for mice. With the ype C toxoid, pro-
tective activity of the adsorbed preparations was spproximataly 30 times
a9 great as that obtained with the non-adsorbed,

Rarly in our studies consideration vas glven to the relationship
between the serum antitoxin titer and the degree of resistance to botu-
linun {ntoxication, Experiments wers carried out in guineca pigs, which
were {mmunized subcutancously with aluminum-phosphate-adiorded univalent
toxoids and challenged intraperitoneall!; with homologous toxin. Seru=m
ssaples were obtained the day befrre challenge for antitoxin deterninations.
Figure 2 shows the resistance to incriperitencal challonge as a function
of antitoxin titar in guinea plgs. Aatitoxin titers are shown on thae
horizontal axis. Arrows on this axis lesi{gnate the loweat measurable titer
for each type of antitoxin. The 50 per cent survival end point, expressed
in MIPLDy,, i{s shown on the vertical axis. Note that as antitoxin titer
fncreased, the level of realstance also {ncrecased and {n several cases
appeared to reach a maximum,

Additional studles were carried out in rabbits and guinca pigs to
determine the antigenic responsc to univalent and pentavalent toxolds as a
function of type, dose, time, and 3 booster dose of toxold.

Separate groups of rabbits and guinea pigs were glven subcutaneous
injections of the ABCDE-1, and ‘2 and of the five unlvalent control toxotds
described earlier. A booster dose was glven to rabblts after 90 days
and to guinea pigs after 180 days. Antitoxin titers were determined at

intervals after immunizatfion.

A comparison of the Type B antitoxin response in rabbits to the
univalent and pentavalent toxolds is shown in Figure 3 to {llustrate
the nature of the responses. The maximum response to the Type B
antigen {in rabbits to a single injectlion of univalent or peatavalent .
toxoids was obtalned in approximately 50 days. In no cace did the response
to the B antigen Iin the pentavalent preparations reach that obtalned to the
univalent antigen. Response to the B antigen {n the -2 tcxold was also
lower than the ra2sponse to this antigen In the -1 toxold. Titers increased
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following the 90-day bonster injections. 1t may be seen that responses par-
alleled each other, both before and after the bnoster injections, and that

the baat booster response wag obtained with the ABCDE-2 toxoid., The results
obtained in guinea pigs were generally similar, Though not shown, all

toxold components given individually or in combination stimulated satisfactory
antitoxin responses following primary immunization, and the titers increased
following toostar {njections. Antibody formation was more rapid with the

more concentrated pentavalent toxold {n both rabbits and guinea pigs. The
resulta in both species are summarized in Table VI.

TAMLE VI, MAXIMM INITIAL ANTITOXIN RESPONSE TO ABCDE-1
RELATIVE TO UNIVALENT CONTROLS

Tyse Titer with Pentavalent/Titer with Univalent
Rabbits Guinea Pigs
A 10% 160
3 14% 4%
c 95% 20%
D kkY 14%
.4 ‘ r 207

With few exceptions the results indicate that formation of individual
antibodies was decreased when the toxoilds were given in a pentavalent
combination. The repression appeared to be less marked during the secondary
response following booster. 1In general, a slower rate of antibody formation
and a more marked repression were observed in guinea pigs than in rabbitas.
Data are not avallable for conversion of the antitoxin units to weight units,
and accordingly the total amount of antibody produced in regponse to the
pentavalent combination cannot be compared Iin absolute terms with the
univalent controls. It appears, however, that the total antibedy response
to the combination was not greatly different from that to the univalent
antigen. It seems probable that the decreased individual responses
represented a competition of the antigens for the antibecdy-forming
mechanism, or possibly for the adjuvant activity of the aluminum phosphate.
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To further evaluate the efficacy of botulinum antigens, consideration

wvas given to the resistance afforded lmmunized animals to challengé by
various routes.

It has been established that {nhalation of botullnum toxins Ln|moderate
doses 1s lethal to laboratory animals.®® It seemed possible that ’l
respiratory chsllenge might provide a more severe test of the efficacy of
toxoids thun challorgo by other routes, Support for tnis view was provided
by lakolev's 82,98 finding that higher levels of antitoxin wers required
for prophyllxln against inhalation of botulinum toxin than agzinst other
routes. I would lika now to presant to you results of some of our studies
to determine resfstancs afforded sctively {mmunized guinea pigs to chsl-
lange with botulinum toxins by varicus routes.

The toxins usad {n our initial studies were produced from cultures
grown in cellophane tubing {mzmersed {n nutrient medium., Cultures were
clarified by centrifugation and used without further concentration or
purification, since unaltered cell-free preparations were considered to be
most suitable, Type B toxin was activated with trypsin prior to clari-
fication of culture and subsequently stored {n the frozen state, #

Intraperitoneal and oral LDy, estimates of toxins were determined in mice
and guinea pigs., Raspiratory LDy estimates wsre determined in guinea pigs
exposed bodily to static aerosols of the toxins. More than 60 per cent of
the particles in the serosols were five microns or less In dlameter, The
guinea pig inhaled dose, in terms of MIPLDy units, was estimated by
titration of the collecting fluid from {mpinger samplers. Serum antitoxin
titers of the {mmunized animals were determined on sera obtained by cardiac
bleeding of the animals the day before challenge.

Before limmunized gulnea pigs were challenged, the toxicities for
normal guinea pigs were determined i{n terms of mouse LDy units and were
then translated into guinea pig units, Thaese estimates for the five toxins
administered by the various routes are summarized in Table VII. The results
are expressed in mouge intraperitoneal LDy. Aymay be seen, the animals were
most susceptible by the intraperitoneal route, as expected, and were more

susceptible to toxin administered by the resplratory route than by the
oral route.

Expression of the respiratory LDy estimates in terms of guinea pig
intraperitoneal LDy revealed that guinea pigs show essentially similar
susceptibility to the five toxins administered by the respiratory route.
The respiratory susceptibility is more closely related to the oral

susceptibility than to their intraperitoneal susceptibility with four of
the five types.
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TABLE VII. TOXICITY OF BOTULINUM TOXINS POR THE
GUINEA PIG BY VARICQUS RCUTES

Typo% » Toxicity {n MIPLDyg Units
i 1P Respiratory Oral
A i 5.2 161 n7
B 4,2 350 ' 306
c 1.6 87 177
D 4,1 186 4316
B 34.3 778 178,000

In our first serles of experiments, groups of gulnes pigs wers {mmunized
by the subcutaneous route, each with a single injectlon of univalant toxold.
Bach of the univalently immunized groups of guinea pigs was dividdd into
three subgroups, which were challenged 356 to 40 days after {=munization with
homolcgous toxin by the oral, respiratory, auld intraperitoneal routes
respectively. Normal control groups were challenged in the same manner.

The respiratory challenge res.lts are summarized {n Table VIII. Average
antitoxin titersiand the range of titers obtained for each type of
fmmunization are shown in the second column. The challenge doses are shoun
in the third column. Note that {n this and all subsequent tables the
challenge doses are expressed in terms of gulnea pig LD, by each route.
Challenge results and per cent survivals are also shown, Note that 79 to
91 per cent of the actively immunized guinea plgs survived this level of
respiratory challenge. Although not shown In Table VIII, 70 to 100 per ceat
of the subgroups challenged by the intraperitoneal and oral routes regpectively
survived challenge of 10* to 10° LD

Average antitoxin titers ranged from 10 to 50 times measurable levels,
and although a considerable variation in antitoxin titers was obtalned, the
high percentage of survivors made it {mpractical to test for a relationship
between serum antitoxin titers of individual animals and resiatance to
challenge.

B
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TABLE VITII. GUINEA PIC RESPONSE TO AEROSOL
CHALLENGE WITH BOTULINUM TOXINS

Respliratory
Toxin Antitoxin Challenge, No. Survivors Per Cent
Typa Titer LDy units Total/Exposed Survival
A 0.3 s 40/44 21
<0.,04-0.96 :
3 0.059 7 30/38 o
<0.005-0.8
c 0.4 8 38/44 86
<0.02-1.9
D 6.1 9 33739 90
<0.32-21
| 4 0.29 3 26/32 81
<0,025-2.0

It appeared evident from these results that higher levels of challenge
would be necessary to determine the magnitude of resistance to respiratory
challenge. A second test in this series of experiments was destigned
to accomplish this.

Groups of guinea pigs were {munized with either univalent Type D
or pentavalent botulinum toxoids and subsequently cuallenged with graded
doses of toxin by the resplratory route., Type D was selected because the
toxicity of the culture permitted higher challenge doses. Immunization
with pentavalent toxold was Included so that effectiveness of an antigen
in a multivalent preparation and a univalent antigen could be compared,
Results of this test are shown in Table IX.

The type of irmunization {s shown in the first column. One-half
milliliter was employed as an immunizing dose for the univalent group and
for the first pentavalent group, and these groups were challe.jed 40 days
after immunization. The second pentavalent group recelved 1,0 milliliter
as an lmmunizing dose and was challenged 50 days after immunization.

Subgroups were challenged with graded doses of Type D toxin by the
respiratory route. Swaller groups of guinea pigs immunized in the same
manner were challerged by the intraperitoneal and oral routes.
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TABLE IX. CHALLENGE OF IMMUNIZED GUINEA ['ICS WITH
TYPE D TOXIN BY THE RESPIRATORY ROUTE

Regpiratory
Type of Antitoxin Challenge, No. Survivors Per Cent
Immunization Titer LDy units Total/Exposed Survival
‘ 3.8 22 40/40 100
Univalent 162 40/40 100
(CG.5 ml) 3.2-5.1 2180 40/40 100
0.63 26 20/20 100
Pentavalent 217 20/20 - 100
(0.5 ml) <0,16-1.9 2090 16/20 80
' 26 20/20 100
Pentavalent 1.5 230 20/20 100
(1.0 =1) 0.32-5.8 1980 20/20 100
None - 1 6/2;0‘ 30

Iy
}
|

The second column shows the average antitoxin titers of serum pools
obtained the day before challenge and the range of titers obtained on these
pools. Challenge results and per cent survivals are shown in the next columns.
¥saentially all of the actively immunlzed guinea pigs survived 20 to 2000
respiratory LDy, Although not sho.m in Table IX, 60 to 100 per cent of
comparable immunization groups survived 1 guinea pig LDy when challenged
eithe: by the Intraper{toneal or by the oral route.

Additional sxperiments were conducted with dynamic aerosols generated in
the Henderson apparatus. Groups of guinea pigs were immunized with a 0.5-ml
dose of pentavalent toxoid and challenged after 40 days with a single type
of toxin by the intraperitoneal, oral, and respiratory routes.

Table X prersents a summary of the results obtained with the Types A
and D challerges. The immunization of guinea plgs with pentavalent toxoid
afforded a hizh level of nrotectlion to challenge by the three challengé routes
employed. Resistance to challenge by the respiratory route was similar to
resistance to challenge by the intraperitoneal and oral routes. Esgentlally
similar results were obtained with the Types B, C, and E toxins,

L e
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TABLE X. RESISTANCE AFFORDED PENTAVALENTLY IMMUNIZED
GCUINEA PICS TO CHALLENGE BY VARICUS ROUTES

Toxin Challenge Chellenge Reasults
Type Route LDy " Survivors/Total Per Cent Survival
Intraperitoneal 3 x 10° 3/15 53
A Omnsl s x 10 15/16 94
Respiratory 3 x 16‘ 11/12 92
Intraperitonsal 2 x 10° 8/14 57
D Oral 4 x 10 8/10 80

Respliratory 2x 10 6/13 46
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V. DISCUSSION

Dr. Murray: Thank you very much., This paper {s now open {or discussion
and comments, It certainly has indicated the possibilities of active
fomunization and much of the data presented, at least {n the case of gnimals,
would indlcate the relationship of the antibody levels that must be present
to protect againat the di{fferent amounts of toxin glven by different routes.

I think this, (n itself, {s {mportant (nformation.

Q. Dr. Rogora ~ Nashville. Mr. Cardalla, I am vory impressed with the
total response, Di{d you do any studles on the Incidence of antibody respon,:
after the firet, second, and third shot of toxold {n your studlies?

A. With regatd to the pantavalent {munizsticns, we have not, However,
{n a srall group of individusls antltoxin titers were determined following
tomunization with the univalent and the bivalent ant{gens. There were
indications that a very small percentage developed antitoxin titer after a
single injection of a more concentrated toxsld. A higher percentage had
titers sftec tha second and, of courze, as described, afrer the third injection
or after a fourth., A higher proporetilon has mearuradle titors after the
serics and thig, a8 I doscribed, wvas the bisls for spacing the injoctions to
actuslly taoke advantags of wvhat appeared to be spamnestic reacticns.

. PFrom the audlence: Mr. Cardolla, my question is = how did you
establish tha dose that you applied {n the inhalstfon challeage?

A. 1als was done by filrst deteraining the breathing rates and volumes
of the animals exposed to the aercsols. During animal exposure, concentration
of toxin In the aerosols wig deteralned by obtaining alr samples in
appropriate pre-rated alr sumplers contiining collecting fluid., This fluid
was titrated for toxin concentraticn, Escinates of animal dose tnhaled were
made from the data obtalned based upon the relationship between concentration
of toxin per volume of alr sampled and volume of air inhaled by the

animals.

Q. From the audience: Could you say scmething about pogsible reactions
to the toxolid?

A. We have gseen what we consider to be mild to moderate local reactions.
I think some of you may have observed this. It has been described as a
small nodule of varying size that persists for varying perlods of time.
Incidence of this with the pentavalent tevoid {s about one per cent,
Approximately 1000 {rndividuals hawve rcceived this toxoid. Indications are
that the percentage of reactions to the pentavilent may be slightly higher
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than to our univalent or bivalent preparations. This may be due to the
adjuvant, which has been modified slightly. We are now using a Holt's
ssven-eighth aluminum phosphate gel, which is essentially seven-eighths
aluafnum phosphate and one-eighth aluminum hydroxide. The previous

phosphate was essentlally all ortho-phosphate., I might point out that in
our pentavalent preparations the Types C, D, and E antigens were not taken

to the degree of purity that the A and B wers, It {» possible that inclusion
of one of thase antigens might account for the slightly higher reaction

rate., It sppears to be at a relatively low rate, however,

Q. I am Dr. Patty from Baltimore, Mr, Cardells. I wanted to thank you
fur & very Interesting snd very besutifully presented paper that {ntarested
most of ua hare, [ have cne questicn. Did you see any total failures of
response in humans to the pentavalent toxold and, Lf so, can these de
explained {n any manner and, secondly and part of this same question, vould
you consider thess pcopla resistant to bdotulinum toxin?

A. Ve have seen lack of response to any antigen in the primary
{mmunizations. We have followved approximately 120 individuals, and four of
thesa showed no response to any of the five antigens after the initlal series,
I aight point out that approximately 41 per cent showed titer to all five
antigons and at least 79 per cent showed measurable titer to at least four
of the five antigens, The i{ncidence of no measurable response was fairly

low,

Failuro to demonstrate antitoxin titers following toxoid injections
could be attributed to the limit of sensitivity of the neutralization test
ewployed to measurs ticers. With regard to considering these people
resistant to botullnum toxin, it can be pointed out that laboratory animals
with no demonstrabla antitoxin titers following an {nj2ction of toxoid were
resigtant to texin. In fact, the apparent non-responder may have produced
antitoxin that ls not measurable by our test. FPor the absolute non-regponder
1 would not recommend a wiliful exposure to toxin.




28

3.

’l

6'

1.

10.

11,

12.

13.

LITERATURE CITED

Meyer, K.P. "The status of botullsm as & world health problem," Bull.
World Healeh Organ, 15:281-289, 1956,

Dolman, C.B. "Human botulism and staphylococcal food polsoning: A

reviaw," Japan J,

Med. Sci. Bilol. 10(6):373-381, 1957.

Weinberg, M., and Goy, P, "Recherches sur la toximebotulinque,” Compt.
Rand. Soc. Blol. 90:269-271, 1924; "De 1'anatoxine botulinque,Y Ibid.

91:148-149, 1924;
fodas,” Ibid. 91:

"Etude comparative des toxines botulinques formolees et
1140-1141, 1924; and "Emploi. de 1l'anatoxine dans 1a

preparation du serum antibozuliquae," Ibid. 92:564-565, 1924,

GCrsham, R.; Tunnicliff, E.A.; McCulloch, E.C.; and Thorp, P., Jr. "The
sntigenic value of formalized botulinum toxins,"” J. Am. Vet. Med. Assoc.

75121-37, 1929,

Grahaa, R., and Thorp, P., Jr. "Antigenic value of botulinum toxoids
kept one ysar at {ce dox tempar<ture,” J. Immunol. 20:305-312, 1931,

Valikanov, I.M,

"Experimental vaccination sgainst botullsw " Immunitasts-

forsch., 70:186-194, 1931,

Legroux, R., and Jeramec, C., "Etudes sur la toxine et l'ant{toxine
botuliques,™ Compt, Rend. Scc, Blol, 120:651-643, 1935.

Jakobkiewisz, J,

"Toxine'et anatoxine botulique,” Compt. Rend. Soc.

Biol. 123:262-264, 1936.

Jeramee, C. "Toxine of aratoxine botulique," Rev. Immunol. 2:209-220,

1936,

Velikanov, I. "Experimental Immunization of man against baotulism,"

Klinich., Med. 12:

1802-1806, 1934.

Veltkanov, 1. ‘“Immunizatf{on experimentale del'hcrme contre la botullsme,"

Glorn. batterciol.

e immunol. 17:451-456, 1935,

Melnik, M.I., and Starobinetz, G.M. "Active immunization against botulism,"

Ann. Inst. Metch.

4:33-42, 1936.

Bennetts, H.W., and Hall, H.T.B. '"Botulism of sheep and cattle in

wegtern Australia

Australian Vet. J.

; its caugse and {its prevention by {mmunization,”
14:105-118, 1938,



14,

15.

16,

17.

18.

19.

20.

21.

22.

23.

24,

25.

26,

29

Magon, J.H.; Steyn, H.P.; and Bisschop, J.H.R. "The immunlzation of
bovines against lamsiekte," J. 8§, African Ver. Med., Assoc. 9(2):
65-70, 1938,

Sterne, M,, and Wentze!, L.M. "A new mechod for the large-scale
production of high-titre botulinum formal- toxoid Types C and D,
J. Immunol. 65:175-183, 1950,

Nigz, C.; Hot:le, G.A.; Coriell, L.L.; Rosenwald, A.3.,; and Beveridge,
G.W. "Studies on botulinum toxoid, Types A snd B: I. Production of
alum-precipitated toxolds," J, Immunol., 55:245-254, 1947.

Hottle, G.A.; Nigg, C.; and Lichty, J.A. "Studles on botvlinum
toxoids, Types A and B: II. Methods for dotermining antigenicity (a
animals,” J. Immunol. $5:255-262, 1947.

Rice, C.E.; Pallistor, E.P.; Smith, L.C.; «nd Rced, G.B. 'Glostcidium
botulinum Type A toxolids,"™ Can. J. Rerearch Sect. B 25:167-174,
1947.

Rice, C.E.; Smith, L.C.; Pallister, %.7.; and Reed, G.B. “Clostridiun
botulinum Type B toxoids,” Can. J. Rescarch Sect. E 25:175-180, 1947,

Rice, C.E. "Prolimlnary study of antigenic activity of mixtures of
Clostriding botulinum toxold Types A and B," Can. J. Research Sect.
K 25:181-187, 1947,

Prevot, A.R., and Brygoo, E.R, "“Recherches sur la toxine, l'anatoxine
et 1l'ant{toxine botuliques D," Ann. Inst. Pasteur 79:1-13, 1950. ‘

Hoberg, K. 'Ueber die Pestellung and Bekimpfung des Botullsmus beia
Nerz in Schweden,' Proc. XV Intern. Vet. Congr. (Stockholm), 1:62-64,
1953.

Diater, 2. "Aczive {mmunity agafnst Cl. botulinua Type C toxin," Nord.
Veterinarmed. 9:1055-1062, 1955.

Largen, A.E.; Nicholes, P.S.; and Sebhardt, L.P. ‘"Successful
immunization of mink with a toxoid against Clostridium botulinum, Type
C," Am. J. Vet. Res. 16(61):573-575, 1955.

Apnel, R.N.; Hartsough, G.R.; McCoy, E.F.; and Brandly, C.A. MActlive
and passive protection of mink against type C botullsm with type C
toxold and polyvalent antitoxin,” J. Am. Vet. Med. Assoc. 128(11):556-
558, 1956.

Draeger, K.; Schindler, R.; and Vocke, G. ‘"Experimental immunization
of mink against distemper and botulism,' Tleraerztl, Umschau. 12:136~
138, 1957.




30
27.

28.

29.
30,

1.

J2.
3.
34,
35.
36,
37.

38,

39,

Pitre, J., and Quittet, P.L., "Immunizing power of vaccine against
Clostridium botulinum type C in mink," Bull., Acad, Ver. France 31:
379-382, 1958.

Matveev, K.I.; Bulatova, T.I.; and Sergeeva, T.I. "Immunization of
minks against botulism,” Veterinariya 35(8):42-46, 1958.

Applaton, G.3., and White, P.C. "Field evaluation of Clostridium
botulinum type C t «oids in mink,” An, J, Vet, Res. 22(74):166-169,

1959. '

Prevot, A.R., and jillioc, R. "Studies of botulism in mink and fe rets
and vaccinatico sgiinat botullsm,” Bull., Acad. Vet. Prance 30:93-98,

1957,

Pridhaa, T.J. i.aultaneous {mmunizaticn of mink against virus
enteritis, distemper and botulism,” Can. Ver. J. 2:212-216, 1961,

Matveev, X.1.; Bulatova, T.1.; and Sergeava, T.I. 'large-scala
{mmunization of mink against botulfisms," J. Microbiol. Epideamiol.
Iemunobdlol. 32{11):138-140, 1961,

Boroff, D.A., and Ratlly, J.R. "Studies of the toxin of Cloatridium
botulirum: V. Prophylactlc immunizatior of pheasants and ducks agalnst

avian botulisa," J. Bacteriol. 77(2):142-146, 1959.

Boroff, D.A., and Rallly, J.R. "“lomunizatlon of pheasants against
the toxin of Clostridium botulinum Type C,* Bacterfol. Proc, 60:89,

1960,

Boroff, D.A., and Rellly, J.R., "Studies on the toxin of Clostridiun

botulinum: VI. Botulism among pheasants and quall, mode of trans-

misainn, and degree of veslstance offered by {mmun{zation," Intern.
Arch. Allergy and Appl. Immunol. 20:306-313, 1962.

Schwartz, L.K., "Control of botulism in wild fowl;" J. Am. Vet. Med.
Assoc. 143:163, 1963.

Barron, A.L., and Reed, G... "Clostr{idium botulinum Type E toxin
and toxoid," Can. J. Microbiol. 1(2):108-117, 1954. Also Vet. Bull.
2532521, 1955.

Gunnison, J.B.; Cummings, J.R.; and Meyer, K.F. "Clostridium

botulinem Type E," Proc. Soc. Exptl. Biol. Med. 35:278-280, 1936.

"“Collection of references and annotations of scientlfic works of the
institute for 1913-1929," Kushnir, E.D. ed. Dnepropetrovsk Sanitary-
Bacteriologfcal Institute, _nepropetrovsk, 1940, p. 14.




40.

41,

62.

43,

45.

46.

47.

48,

49,

50.

51.

n

Hagen, E.L. "Differential characteristics of two strains of Cl.
botulinum, Type E," Proc., Soc. Exptl, Blol. Med. 50:112-114, 1942,

Dolman, C.B.; Chang, H.; and Xarr, D.E. "Pish-borne Type &
botullsm: Two cases dus to home pickled harring,” Can. J. Pub,
Health 41:215-229, 1939,

Prevot, A.R., and Huet, M. “Exi{stence en Prance du botuliame humsin
d'origine pisclare et da Cl. Botulinua E,* Bull. Acad. Natl. Med,

25 and 26:532, 433, 1951,

Pravot, A.R,, and Brygoo, E.R. 'Recont rescarch on botulfsm and the
toxin types of Clostridiua botulinum, ' Ann. Inst. Pasteur 835:544-575,

1954. Also Bull. Hyg. 29(5):528-529, 1354,

xordiavt, G.A.; Matveev, K,I.; and Volkova, 2.4, '"The preparaticn
of therapeutic Types C and & botulinuam antiscera {n horsecs: Part I,"
J. Microblol. Epidemiol., Immunodiol., 29(3)102-106, 1958. Part 2,

Ibid. 29(5)83-85, 1958,

Kravchenko, A.T., and Ragapov, F.P, "Proparation of Cloatridium
botulinum antisera {n cattie,"” J, Microbiol. Epldemfol. Immnobiol,

30(4):79-82, 1959.

Rezepov, P.F. "The experimental effectiveness of Types C and B
concentrated antibotulism seva," J. Microbtol, Epidemfol. Immun-

nobiol. 31(4):87-93, 1960.

Chertkova, F.A.; Grodko, N.S.; Ushakova, A.A.; Denfsova, I.A.;
Kats, P.M.; and Dudarenko, G.V. "Standard Clostridium botulinum
Type E antiserum," J. Microbiol. Epidemiol. Irmunobiol, 31(4):682-

685, 1960.

Dolmaa, C.E., and Murakami, L. "Clostrid{u=a botulinum Type F with
recent observations on other types,"” J. Infect. Diseases 109:107-

128, 1961,

Bowmer, E.J. "Antitoxins of Clostridium botulinum Types A, B, C, D,
and E: Preparation and assay of proposed intesnational standards,"
A thesis gsubmitted for the Degree of M. D., Faculty of Medicine,
University of Liverpool, Aprii, 1962,

Dolman, C.E., and Iida, H., "Type E botulism: 1Its epidamiology,
prevention, and specific treatment,” Cun. J. Pub, Health 54:293-308,

1963.

Reams, H.R.; Kadull, P.J.; Housewright, R.D.; and Wilson, J.B.
"Studies on botulinum toxoid, Types A and B: Immunization of
man,'" J, Immunol, 55:309-324, 1947,

ety . B ot




32

32.

33.

54.

55.

56.

57.

58.

59.

60.

61.

Duff, J.T.; Wright, G.C.; Klerer, J.; Moore, D.E.; and Bibler, R.H.
“gtudies on {mmunity to toxins of Clostridium botulinum: I. A
simplified procedure for isolation of Type A toxin," J. Bacteriol.

73:42-47, 1957.

Duff, J.T.; Klerer, J.; Bibler, R.H.; Moore, D.E.; Cottfried, C.;

"~ and Wright, G.G. "Studies on immunity to toxins of Cloatridium

botulinum: IX, Proaguctfon and purlification of Type B toxin for toxoid,"
J. Bacteriol. 73:597-601, 1957.

Duff, J.T.; Wright, G.C.; and Yarinsky, A. "Activation of Clostridium
botulinum Type B toxin by trypsin," J. Bacteriol. 72(4):455-460, 1936,

Wrighe, C.C.; Duff, J.T.; Plock, M.A.; Devlin, H.B.; and Soderstronm,

R.L. "Studies on Limmunity to toxins of Clostridium botulfnum: V,
Detox{ication of purif{ed Type A and Type B toxins, and the antigenicity
of univalant and bivalent aluminum phosphate adsorbed toxotids,” J.

Immunol. 84:384, 1960,

Cordon, H.; Flock, M.A.; Yarinsky, A.; anc Duff, J.T. 'Studles on
immunity to toxins of Clostridium botulfnum: I1I. Preparatiocn, puri-
fication, and detoxification of Type E toxin,Y J, Bacterfol. 74:533-

338, 1957,

FPlock, M.A.; Yarinsky, A.; and Duff, J.T. "Studles on {mmunity to
toxins of Clostridium botulinum: VII. Purification and detoxiflication
of trypsin-activated Type E toxin,”" J. Bacteriol., 82:66-71, 1961.

Picck, M.A.; Devine, L.P.; Gearinger, N.F.; Duff, J.T.; Wright, C.C.;
and Kadull, P.J. "Studies on immunity to toxins of Clostridi:m
botulinum: VIII. Iomunological response of man to purified bivilent
AB botulinum toxold," J. Immunol, 88:277, 1962.

FPiock, M.A.; Cardella, M.A.; and Gearinger, N.F. '"Studies on {mmunity
to toxins of Clostridium botulinum: IX. Immunologic response of man
to purified pentavalent ABCDE botulinum toxoid," J. Immunol. 90:6%7-

702, 1963.

Cardella, M.A.; Duff, J.T.; Gottfried, C.; and Begel, J.S. 'Studies
on immunity to toxins of Clostridium botullinum: IV. Producticn and
purification of Type C toxin for conversion to toxoid," J. Bacteriol.

75:360-365, 1958.

Cardella, M.A.; Duff, J.T.; Wingfleld, B.H.; and Gottfried, C.
"Studies on {mmunity to toxins of Clostriiium botulZnum: VI.
Purification and detoxification of Type D toxin and the immunologic
response to toxoid," J. Bacteriol. 79:372-378, 1960.




620

63.

66.

87.

é8.

33

i
|
Cardella, M.A.; Plock, M.A.; and Wright, G.G. 'Immunologle responge
of anloals to puriffed pentavalent ABCDE botulinum toxoip," Bacterlol.
Proc, 78, 1958. |

|

|
Cardella, M.A.; Jeaski, J.V.; Tonik, E.J.; and Piock, M.A. "Resistance
of guinea pigs immunized with botulinum toxoids to aerogenic challenge
vith toxins," nactorlol.‘Proc. 70, 1963.

Holt, L.B. ‘“Developments in Diphtheria Prophylaxis,'" Willlam

. Heinemann Madical Books, Ltd., London, 1350,

|
Report of Expert Committee on Biologlcal Standardization, World Health
Organfzation, Caneva. (Tech. Rpt Serics 259:25, 1963)

Lamsanna, C, 'I=munological aspects of alrborne {nfection: Some
general considerations of response to inhalation of toxinp," Bacteriol.
Rev. 25(3):323-330, 1961. '

lakolev, A.M., '"Thae importanca of antitox{n imaunity for the defcnase
of the body in respiratory penctration of bacterfal toxins: I. The
role of passive {mmunity in the defense of the body agalnit reapiratory
disesse caused by Clostridiua botulinug toxins," J. Microbiol.
Epidemiol. Ilmmunobiol, (USSR) 29:9C4-9509, 1556.

Iakolev, A.M. "The importance of antitoxin lemunity for the defense
of the body in reaplratcry penetration by bacterial toxins: II.
Teats of antitox{n {omunity in white mice and guines pigs upon
intranagal administration of Clostridium botulinum toxins," J.
Microblol. ®pidemiol. Immunobiol. (USSR) 29:1068-1072, 1956.

E 3N




